There is growing interest in integrating cognitive and genetic models of depression risk. We review two ways in which these models can be meaningfully integrated. First, information-processing biases may represent intermediate phenotypes for specific genetic influences. These genetic influences may represent main effects on specific cognitive processes or may moderate the impact of environmental influences on information-processing biases. Second, cognitive and genetic influences may combine to increase reactivity to environmental stressors, increasing risk for depression in a gene)cognition )environment model of risk. There is now growing support for both of these ways of integrating cognitive and genetic models of depression risk. Specifically, there is support for genetic influences on information-processing biases, particularly the link between 5-HTTLPR and attentional biases, from both genetic association and gene )environment (G )E) studies. There is also initial support for gene )cognition )environment models of risk in which specific genetic influences contribute to increased reactivity to environmental influences. We review this research and discuss important areas of future research, particularly the need for larger samples that allow for a broader examination of genetic and epigenetic influences as well as the combined influence of variability across a number of genes.
INTRODUCTION OF COGNITIVE AND GENETIC MODELS OF DEPRESSION RISK
According to cognitive models of depression (e.g., Beck, 1967 Beck, , 1987 Clark, Beck, & Alford, 1999; Williams, Watts, MacLeod, & Mathews, 1997) , individuals' characteristic ways of attending to, interpreting, and remembering stimuli in their environment may contribute to the development and maintenance of the disorder. These information-processing biases are hypothesised to be disorder specific such that depression and depression-risk is characterised by biases specifically for stimuli conveying themes of sadness or loss, whereas anxiety, for example, is characterised by information-processing biases specifically to threat-relevant stimuli (Clark et al., 1999; Mathews & MacLeod, 2005; Williams et al., 1997) . In cognitive models of depression, information-processing biases are conceptualised within a vulnerabilityÁstress framework. That is, although all individuals are at increased risk for depression following negative life events, this risk is thought to be moderated by one's informationprocessing such that risk is greater among individuals exhibiting more biased information processing. There is considerable support for cognitive models of depression, including the vulnerabilityÁstress hypothesis, in predicting symptoms and diagnoses of depression in children, adolescents, and adults (see Abela & Hankin, 2008; Clark et al., 1999; Gotlib & Joormann, 2010; Haeffel et al., 2008 , for reviews).
There is also clear evidence for genetic influences on depression risk. Specifically, heritability estimates suggest that approximately 37% of the variance in risk for depression is due to genetic influences (Sullivan, Neale, & Kendler, 2000) . Given this, researchers have become increasingly interested in identifying specific genetic influences on depression risk. Building from the monoamine hypothesis of depression (Schildkraut & Kety, 1967) , researchers initially focused on genes known to regulate neurotransmission of monoamines, particularly serotonin. These studies yielded some support for links between specific genes and depression, including genes coding for serotonin and dopamine transmission, though the magnitude of these relations is generally small (see López-León et al., 2000 , for a meta-analytic review). More recent studies, therefore, have taken two approaches to address these relatively weak findings. First, paralleling research testing cognitive vulnerabilityÁstress models of depression, researchers have examined the role of specific genetic influences that may increase reactivity to environmental stressors within a gene )environment (G)E) model of risk. Although there have been some mixed findings, there is growing evidence that genes influencing serotonergic and hypothalamicÁpituitaryÁadrenal (HPA) axis functioning moderate the impact of environmental stress on depression risk (see Karg, Burmeister, Shedden, & Sen, 2011; Nugent, Tyrka, Carpenter, & Price, 2011 , for reviews). Second, recent association studies have taken a broader, more atheoretical approach, focusing on genome-wide scans (genome-wide association studies; GWAS) of hundreds of thousands of polymorphisms at a time. Although the GWAS approach has yielded some positive findings, there has been little replication across samples (Lewis et al., 2010; Muglia et al., 2010; Shi et al., 2010; Shyn et al., 2010) . Most recently, therefore, researchers have begun exploring endophenotypes/ intermediate phenotypes (Gottesman & Gould, 2003) , which are more basic processes that may be more directly under the influence of specific genes that may increase depression risk. It is this line of research that has led to the emerging interest in integrating cognitive and genetic models of depression risk.
confronted by ruminative dysphoric thoughts that they find difficult to disengage from (Ellenbogen, Schwartzman, Stewart, & Walker, 2002 , 2006 Koster, De Raedt, Goeleven, Franck, & Crombez, 2005) , often experience depressionrelevant intrusive thoughts even when intentionally trying to avoid such thoughts (Beevers, Wenzlaff, Hayes, & Scott, 1999; Wenzlaff, Rude, Taylor, Stultz, & Sweatt, 2001; Wenzlaff, Wegner, & Roper, 1988) , and selectively attend to dysphoric stimuli (Gotlib, Krasnoperova, Yue, & Joormann, 2004; Kellough, Beevers, Ellis, & Wells, 2008) .
These mood congruent cognitive biases appear to have good biological validity, as experimental depletion of central serotonin predicts facilitated processing of sad stimuli on a Go/ No-go task (Murphy, Smith, Cowen, Robbins, & Sahakian, 2002 ) and decreased cognitive flexibility (Clarke, Dalley, Crofts, Robbins, & Roberts, 2004) . There is also preliminary evidence for the heritability of similar biases, such as ruminative thought (Kendler, Gardner, & Prescott, 1999) and negative attributional styles (Lau, Rijskijk, & Ely, 2006) , in familial association studies. Further, twin studies have suggested that cognitive processes that likely support biased information processing*such as inhibiting dominant responses, updating working memory representations, and shifting between tasks*are highly heritable (Friedman et al., 2008) . Hasler, Drevets, Manji and Charney (2004) concluded that ''attentional and mnemonic biases toward processing of mood-congruent information including sad, unpleasant and negative words, emotional facial expressions, and memories are reliable and relatively specific neuropsychological findings in MDD [major depressive disorder]'' (p. 1767). Further, they concluded that biased processing of mood-congruent information is a key component of MDD, has good biological validity, can be assessed reliably, and has high clinical relevance. As a result, they concluded that biased processing of mood congruent stimuli is a highly plausible and important putative intermediate phenotype for MDD. As discussed below, a significant challenge now facing researchers is to determine which genes are most likely to influence this intermediate phenotype of biased information processing.
Genecognition environment model of risk
Although most of the focus on integrating cognitive and genetic models of depression has been on the role of information-processing biases as intermediate phenotypes, we have recently highlighted a second way in which these models may be meaningfully integrated Gibb, Urhlass, Grassia, Benas, & McGeary, 2009 ). Specifically, both cognitive and genetic models of depression risk focus on factors that affect individual differences in reactivity to environmental stress (Abramson, Metalsky, & Alloy, 1989; Caspi, Hariri, Holmes, Uher, & Moffitt, 2010; Clark et al., 1999; Rutter, Moffitt, & Caspi, 2006) . The theories are framed in terms of vulnerabilityÁstress or stressÁdiathesis models of risk in which characteristics of the individual (information-processing biases or genetic profile) may heighten reactivity to environmental stress. As noted above, there is considerable support for cognitive theories' vulnerabilityÁstress hypothesis in children, adolescents, and adults (see Abela & Hankin, 2008; Haeffel et al., 2008; Nolen-Hoeksema, Wisco, & Lyubomirsky, 2008 , for reviews) and there is growing support for G)E models of depression risk (see Karg et al., 2011; Nugent et al., 2011, for reviews) . Based on this, we have proposed that individuals exhibiting biased information processing who also carry specific genetic profiles associated with heightened stress reactivity would be particularly likely to develop depression following exposure to environmental stressors (a gene )cognition )environment, G)C)E, model of risk). risk is the choice of which of the approximately 25,000 genes (encompassing approximately 3 billion DNA base pairs; Pertea & Salzberg, 2010) in the human genome upon which to focus. As noted above, there are two typical approaches taken in genetic association studies: a theory-driven focus on a relatively small number of polymorphisms using a candidate gene approach or a theory-free examination of hundreds of thousands of single-nucleotide polymorphisms (SNPs) using a genome-wide association approach. There is a tension in the field between these two approaches related to the sample size required for an adequately powered analysis of the (intermediate) phenotype examined. For example, one would expect that phenotypes closer to the mechanism of action of the gene (such as neuroimaging as compared to the more distantly impacted behavioural or diagnostic phenotypes) would show larger effects of genetic variation. However, the cost and difficulty of more intensive phenotyping efforts often precludes the acquisition of the large-scale samples that would be required for GWAS-level investigation. If one accepts the premise that there is substantial heterogeneity in the diagnosis of depression, then it is perhaps unsurprising that GWAS studies of depression would yield disappointing findings. An oft argued point in psychiatric genetics is that diagnostic criteria can be very reliably assessed, without necessarily describing a homogeneous condition from a genetics standpoint. Use of a heterogeneous phenotype might therefore dilute the ability of GWAS to detect a consistent signal. An intermediate phenotype or endophenotype such as information-processing bias may be a more homogenous outcome that would be more amenable to determining genetic influences. However, the relative difficulty in obtaining these data has the consequence of limiting sample size below that typically required for GWAS-scale analysis. Another related point is the idea that some endophenotypes may not be specific to DSMdescribed diagnoses (e.g., attention bias to salient cues may underlie multiple forms of psychopathology including depression, anxiety, and substance misuse). This further complicates GWAS studies based upon diagnoses because diagnostically defined cases and controls may not segregate with the underlying biology that contributes to the psychopathology (cf. the Research Domain Criteria Project developed by the National Institute of Mental Health). In addition, the specific targets of domains of attentional bias may be influenced by specific forms of environmental exposure (e.g., to sad vs. angry facial expressions from a parent while growing up). Failure to account for this environmental variability would necessarily cloud GWAS attempts to study genetic underpinnings of this neurocognitive construct. Because of this, therefore, research examining information-processing biases has focused on candidate polymorphisms in specific genes. The key question, then, is which of the 25,000 genes should offer the greatest promise in this research. Many strategies may be useful to narrow the list of potential genes to examine in these types of studies. Traditional strategies would include the use of animal models, pharmacology, and neurobiological knowledge related to candidate gene selection (e.g., determining which genes are highly expressed in brain regions thought to underlie the phenomenon).
With regard to attentional biases, although animal models do exist, few studies have used these paradigms (e.g., Passetti, Chudasama, & Robbins, 2002) . Further, to our knowledge, none have been conducted with genetically informative animal models in a fashion that would identify potential candidate genes (e.g., differential attention bias in conditional knock-out mice to identify genetic underpinnings of the phenotype). Use of such behavioural paradigms may provide new avenues of investigation for the human condition when coupled with technologies that provide a means for identifying which genes impact the phenotype (e.g., knockout and other transgenic manipulations, RNA interference, etc.).
The literature on medications that alter attention bias is similarly sparse (though growing). This strategy for candidate gene identification leverages knowledge of pharmacology to identify biological systems that underlie a phenotype and, by extension, the genes involved in that biological system. An example of this approach was the use of olanzapine to validate the importance of the dopamine system (in particular D4 receptors coded by the DRD4 gene) in the phenotype of craving for alcohol (Hutchison et al., 2003) . Care must be taken in this approach to assure that the specific phenotype of interest is not being altered through some non-specific mechanism. For example, attention broadly defined is likely to be impacted by a variety of pharmacological agents*e.g., the sedating effects of the antihistamine diphenhydramine alter attention broadly (Kay, 2000) , but may not have specific effects on biased attention for emotional stimuli. Studies that have looked for pharmacological impacts on depression-relevant attentional bias find compelling evidence that selective serotonin reuptake inhibitors (SSRIs) impact biased attention in both depressed individuals and healthy controls (Harmer, Goodwin, & Cowen, 2009) suggesting that variation in the serotonin (SLC6A4) and noradrenalin (SLC6A2) transporter genes may be important genetic influences.
Currently, one of the most promising strategies for targeting genetic systems that may underlie information-processing biases is leveraging knowledge of the neuroanatomical correlates of these biases. Information-processing biases are driven by a combination of bottom-up (amygdala) and top-down (prefrontal cortex; PFC) processes (see Bishop, 2008; De Raedt & Koster, 2010; Frewen, Dozois, Joanisse, & Neufeld, 2008 , for reviews). Therefore, genes influencing activity of the amygdala, prefrontal cortex, and functional connectivity between these two regions provide good targets for association studies. Another potentially important target is the group of genes known to affect HPA axis activity, as the HPA axis also affects informationprocessing biases (De Raedt & Koster, 2010) . These may be particularly appealing genes to examine in studies testing G)E (and G) C)E) models of risk.
Thus far, the strongest candidate gene to emerge with respect to these considerations is a functional polymorphism (5-HTTLPR) in the serotonin transporter gene (SLC6A4). There are two common variants in 5-HTTLPR, a short allele (S) and a long allele (L), with the S allele exhibiting less transcriptional efficiency than the L allele (Lesch et al., 1996) . More recently, studies have suggested a triallelic variation (S, L G , L A ; e.g., Hu et al., 2005) , with the L G allele exhibiting functional equivalence with the S allele. There is increasing evidence that carriers of these lower expressing alleles (S or L G ) exhibit stronger amygdala reactivity to emotional stimuli (see Munafò, Brown, & Hariri, 2008 , for a review) and decreased functional connectivity between the amygdala and subregions of the prefrontal cortex (Pacheco et al., 2009; Pezawas et al., 2005) . There is also evidence that 5-HTTLPR genotype may moderate age-related increases in functional connectivity between prefrontal and other brain areas between childhood and adolescence, with S homozygotes showing fewer age-related increases in connectivity than L homozygotes (Wiggins et al., 2012) . Finally, studies have found that 5-HTTLPR genotype predicts cortisol reactivity to laboratory-based stressors, with the majority of research showing that carriers of the lower expressing 5-HTTLPR alleles exhibit stronger and more sustained cortisol response to these stressors (Gotlib, Joormann, Minor, & Hallmayer, 2008; Mueller, Brocke, Fries, Lesch, & Kirschbaum, 2010; Way & Taylor, 2010 ; but see also Bouma & Riese, 2010) , though there is evidence that this effect may be moderated by prior stress exposure (Alexander et al., 2009; Mueller et al., 2011) or polymorphisms in other candidate genes (Armbruster et al., 2009; Dougherty, Klein, Congdon, Canli, & Hayden, 2010) . Given these findings, the majority of research examining genetic influences on information-processing biases thus far has focused on 5-HTTLPR genotype.
This said, research in imaging genomics has also suggested the potential importance of other candidate genes. For instance, the catechol-Omethyltransferase (COMT) enzyme breaks down dopamine and is primarily responsible for clearing out dopamine in the prefrontal cortex, as it has little impact on striatal dopamine (Frank, Doll, Oas-Terpstra, & Moreno, 2009 ). The Val variant of the COMT (rs4680) genotype catabolises dopamine at up to four times the rate of the COMT Met variant (Egan et al., 2001 ). Thus, COMT Met allele homozygotes generally perform better than COMT Val allele carriers on tasks that require prefrontal function (Egan et al., 2001; Camara et al., 2010) . The dopamine receptor D4 (DRD4) is also highly distributed in the prefrontal cortex and minimally expressed in the striatum (Oak, Oldenhof, & Van Tol, 2000) . The short (S) version (2Á6 repeats) of the DRD4 gene is believed to be a more efficient variant in terms of RNA transcription compared to the long (L) repeat (7 or more repeats; Schoots & Van Tol, 2003) , though we should note that coding schemes for this polymorphism have been inconsistent and more work is required to characterise this highly variable gene (see McGeary, 2009 , for a review). That said, DRD4 genotype has been associated with enhanced anterior cingulate cortex function (a dopamine rich brain region) and better executive attention (Fan, Fossella, Sommer, Wu, & Posner, 2003) . The executive attention network is involved in the control of cognition and emotion (Bush, Luu, & Posner, 2000) , which suggests that the DRD4 is a good candidate for studying cognitive vulnerability to depression. Finally, given that the development of information-processing biases reflects neural plasticity to some extent, neurotrophic factors such as brainderived neurotrophic factor (BDNF) may be relevant. BDNF is a protein involved in neuronal and synaptic development (Egan et al., 2003) . The BDNF gene contains a non-synonymous single nucleotide polymorphism resulting in the amino acid substitution (valine to methionine) at codon 66 (Val66Met, rs6265). Importantly, variation in the BDNF gene has been linked to depression, related endophenotypes, and antidepressant medication response (Yu & Chen, 2011) . However, since BDNF has been shown to modulate serotonergic neurons (Martinowich & Lu, 2008) , it is unclear if the neurotrophic factors represent a unique aetiological pathway or are a critical component of the already identified serotonergic pathway.
SUPPORT FOR THE ROLE OF INFORMATION-PROCESSING BIASES AS AN INTERMEDIATE PHENOTYPE Genetic association studies of informationprocessing biases
A number of studies have examined whether genetic polymorphisms are directly associated with different aspects of cognitive vulnerability to depression (Elliott, Zahn, Deakin, & Anderson, 2011) . By far, the majority of prior work has examined genetic associations with biased attention for emotional stimuli; therefore, we will review that literature in more depth. Fewer genetic association studies have examined other cognitive processes such as rumination and recall of emotional information. We review all published findings to date in these areas; however, we will not review genetic association studies that have examined other aspects of neuropsychological functioning (e.g., executive functions). Although other neuropsychological functions likely contribute to biases in attention, interpretation, and recall, an exhaustive review of all prior neuropsychological research and depression is beyond the scope of this article. We instead focus on studies that measure biased processing of emotional information as the primary outcome of interest.
Genetic association studies of attentional biases. Many studies have now associated genetic variants with biased attention for emotional information. Notably, several studies have linked the 5-HTTLPR insertion/deletion polymorphism (Lesch et al., 1996) with biased attention for emotion stimuli. The first study to do so (Beevers, Gibb, McGeary, & Miller, 2007) presented negative emotional stimuli at two different stimulus durations (14 ms and 750 ms) to a small sample of psychiatric inpatients genotyped for 5-HTTLPR. Carriers of the 5-HTTLPR S allele demonstrated biased attention toward anxiety-related words (e.g., scared, attack) at both stimulus durations relative to those homozygous for the L allele.
More recently, partly in an effort to rule out third variable explanations such as differential severity of psychopathology across allele groups, researchers have examined genetic associations with attentional bias in healthy populations. For instance, across two studies that presented stimuli for longer durations (1,500 ms), 5-HTTLPR S allele homozygotes had greater difficulty disengaging attention from happy, fearful, and sad faces than 5-HTTLPR L allele homozygotes. Further, difficulty disengaging attention from emotional stimuli increased as the number of short alleles increased (Beevers, Wells, Ellis, & McGeary, 2009) . When stimuli are presented briefly (e.g., 500 ms), individuals homozygous for the 5-HTTLPR L allele exhibit attentional avoidance of negative images and preferential attention toward positive images (Fox, Ridgewell, & Ashwin, 2009 ) and a bias away from negative (anxiety, dysphoric, and selfesteem) word stimuli (Kwang, Wells, McGeary, Swann, & Beevers, 2010) . Finally, within an adolescent sample, the number of S alleles was positively associated with attentional bias for angry faces and inversely associated with attentional bias for happy faces (Pérez-Edgar et al., 2010) . Taken together, these studies suggest that among healthy individuals, carriers of the 5-HTTLPR S allele display an attentional bias towards negative stimuli and have difficulty disengaging attention from emotional stimuli in general, whereas those homozygous for the 5-HTTLPR L allele display biased attention away from negative stimuli and do not experience difficulty with disengagement of attention from emotional stimuli.
We should note, however, that this work provides an incomplete picture of biased attention, as none of these studies examined the effortful regulation of emotional information (Beevers, 2005; Carver, Johnson, & Joormann, 2008) . Rather, most prior work has examined relatively automatic attentional biases observed early in the stream of information processing. Recently, two studies have examined associations between the 5-HTTLPR and a more effortful form of information processing. Among healthy control participants, eye movements were recorded to obtain a relatively continuous index of attention allocation (cf. Hermans, Vansteenwegen, & Eelen, 1999; Isaacowitz, 2006) while participants viewed a 2 )2 matrix of positive and negative images (International Affective Picture Set, IAPS; Lang, Bradley, & Cuthbert, 2005) for 30 seconds (Beevers, Ellis, Wells, & McGeary, 2010) . Notably, individuals homozygous for the 5-HTTLPR S allele selectively attended to positive images over time to a greater extent than threatening, neutral or dysphoric images. This bias was not evident in the first five seconds, but instead emerged in the later stages of processing (i.e., seconds 5Á20). A second study, this time using emotional facial expressions rather than emotional images, found a very similar pattern of results. Carriers of the 5-HTTLPR S allele were more likely to direct attention towards happy faces compared to sad faces over the course of the 30-second trial (Beevers, Marti et al., 2011) . In contrast, those homozygous for the 5-HTTLPR L allele viewed the stimuli in an unbiased manner. In sum, carriers of the 5-HTTLPR S allele display a bias towards emotional information during the earliest stages of information processing (e.g., B1,500 ms). However, after this initial period of information processing, 5-HTTLPR S allele carriers may then begin to strategically shift attention towards positive stimuli in an effort to regulate heightened reactivity to negative stimuli. In contrast, individuals homozygous for the 5-HTTLPR L allele appear to show an early bias towards positive information and away from negative information and then subsequently regulate emotional information in a more unbiased manner.
Genetic association studies of other informationprocessing biases. Although the majority of work in this area has focused on attentional biases, there is also some evidence for genetic influences on rumination, the tendency to perseverate on problems and negative feelings, which represents an important cognitive vulnerability for depression (Nolen-Hoeksema, 2000) . Ruminative thinking predicts the onset of depression, prolongs episodes of negative mood, and hinders cognitive and behavioural efforts to improve mood (see NolenHoeksema et al., 2008 , for a review). Variation in a gene regulating brain-derived neurotropic factor (BDNF) has been linked to the tendency to ruminate, though results have been somewhat mixed. For example, one study found that the presence of the BDNF Met allele was associated with lower levels of rumination, compared to Val/ Val homozygotes, in adolescent girls; however, no relation was observed between BDNF and rumination in their mothers until the authors focused specifically on mothers with adult-onset depression, among whom the BDNF Met allele was associated with higher levels of rumination (Hilt, Sander, Nolen-Hoeksema, & Simen, 2007) . In a separate study of adults with no history of major depression, Met allele carriers exhibited higher levels of rumination than Val/Val homozygotes ). In contrast, results from a large community sample showed that carriers of the Met allele exhibited lower levels of rumination than Val/Val homozygotes (Juhasz et al., 2011) . Finally, one study found no evidence for the link between BDNF genotype and brooding rumination in women or their children (Gibb, Grassia, Stone, & Uhrlass, 2012) . Therefore, although there is some evidence that the Val66Met polymorphism gene may contribute to differences in rumination, the direction of this relation has differed across studies and future research is needed to determine factors (environmental, demographic, or epistatic) that may moderate the relation between BDNF genotype and rumination (see further discussion below).
Relatively few studies have linked genetic variants to memory biases for emotional information. One interesting study found that a deletion variant in ADRA2B, a gene that encodes for the a2b-adrenergic receptor, was associated with enhanced memory for emotional stimuli in a large sample of healthy adults and in survivors of the Rwandan civil war (De Quervain et al., 2007) . The a2b-adrenergic receptor influences amygdala function (Cousijn et al., 2010) , which in turn may modulate hippocampal activity and enhance memory consolidation for emotionally salient information (Maheu, Joober, Beaulieu, & Lupien, 2004) . Prior work had found that pharmacologic manipulation of the a2b-adrenergic receptor influences recall of emotional information in humans (O'Carroll, Drysdale, Cahill, Shajahan, & Ebmeier, 1999) , so this result appears quite promising. Variation in the catechol-Omethyltransferase (COMT) Val158Met polymorphism has also been associated with enhanced recall of emotional memory, with Val homozygotes showing better recognition of negative emotional expressions than Met homozygotes (Weiss et al., 2007) . In contrast, two studies have found no 5-HTTLPR genotype main effect for verbal emotional memory (Roiser, Müller, Clark, & Sahakian, 2007; Strange, Kroes, Roiser, Tan, & Dolan, 2008) , though other work has found significant 5-HTTLPR)life stress effects for recall of emotional information (Lemogne et al., 2009 ; see below for further discussion).
Finally, 5-HTTLPR genotype has been linked to various other forms of cognitive vulnerability to depression in individual studies, though firm conclusions await replication in independent samples. For example, children carrying the 5-HTTLPR S allele, compared to those homozygous for the L allele, exhibit more negative attributional styles and more negative self-referent memory biases . In addition, undergraduates carrying the 5-HTTLPR S allele exhibited more dysfunctional attitudes than those homozygous for the L allele, but only for one of the two subscales of the Dysfunctional Attitudes Scale (Weissman & Beck, 1978 )*dysfunctional attitudes regarding performance evaluation but not approval by others (Whisman, Johnson, & Smolen, 2011) . In this study, dysfunctional attitudes were not related to variation in two other genes, the dopamine D2 receptor gene (DRD2, rs18000497) or COMT (rs4680).
Geneenvironment studies of informationprocessing biases
The majority of studies examining genetic influences on information-processing biases has focused on the main effects of candidate polymorphisms. However, building from research examining environmental contributors to the development of cognitive vulnerability to depression (see Abela & Hankin, 2008 , for a review), we and others have proposed that candidate polymorphisms should be most strongly linked to the presence of information-processing biases in the context of environmental stress. Said another way, specific candidate polymorphisms may help to identify which subgroups of individuals are most likely to develop informationprocessing biases in the presence of specific environmental stressors.
Gene )environment studies of attentional biases. Focusing first on attentional biases, there is growing evidence that 5-HTTLPR genotype moderates the link between exposure to specific environmental stressors and the presence of experience-specific biases in attention. Building from research suggesting that children with a history of physical abuse exhibit attentional biases specifically for angry faces but not other facial displays of emotion (see Pollak, 2003 , for a review), researchers have proposed that the attentional biases observed among abused children result from conditioning to the angry expressions of the abuser (cf. Lee, Lim, Lee, Kim, & Choi, 2009; Pischek-Simpson, Boschen, Neumann, & Waters, 2009) , which then generalised to facial displays of anger from other individuals. To the extent that this is true, consistent exposure to any specific emotional expression from a parent would result in the development of attentional biases specific to that emotion type. Framed within a G)E model of risk for the development of attentional biases, this link should be stronger among individuals whose genetic profile may make them more responsive or sensitive to emotionally salient environmental cues. For example, as reviewed above, carriers of the 5-HTTLPR S allele appear to exhibit difficulty disengaging attention from emotional stimuli generally, rather than any specific emotion type (Beevers, Wells, Ellis et al., 2009) , which is consistent with fMRI data showing that S allele carriers exhibit heightened amygdala reactivity to a variety of emotional facial expressions (Dannlowski et al., 2007; Munafò et al., 2008) . Supporting this G)E model of risk, children of mothers with a history of major depression exhibited attentional biases specifically for sad (but not angry or happy) faces, but only if they carried at least one copy of the 5-HTTLPR S or L G allele . Among children homozygous for the L A allele, there was no significant relation between maternal depression history and children's attentional biases. Complementing these findings, children of mothers who displayed high levels of criticism (expressed emotion-criticism) exhibited attentional biases specifically for angry (but not happy or sad) faces, but again only if they carried the 5-HTTLPR S allele . Finally, women's 5-HTTLPR genotype moderated the link between reports of childhood physical abuse and attentional biases for angry faces (Johnson, Gibb, & McGeary, 2010) . Specifically, among women carrying the 5-HTTLPR S allele, a reported history of childhood physical abuse was associated with attentional biases for angry (but not happy or sad) faces; among women homozygous for the L allele, the relation between physical abuse history and attentional biases was not significant. Though based on cross-sectional data, these studies provide preliminary support for the hypothesis that candidate polymorphisms associated with increased reactivity to environmental stress, when combined with the occurrence of environmental stress, may contribute to the development of attentional biases. They also provide preliminary support for potential specificity between the types of environmental stress experienced (e.g., maternal depression vs. maternal criticism) and the types of attentional bias exhibited (e.g., attentional biases for sad vs. angry faces).
Gene )environment studies of other informationprocessing biases. There is also preliminary evidence that 5-HTTLPR genotype moderates the link between environmental events and individuals' sensitivity in detecting facial displays of emotion. Specifically, using a task in which facial displays of emotion are gradually morphed between neutral and full expressions of emotion, adults with higher, compared to lower, levels of childhood emotional abuse correctly identified angry faces at lower levels of signal strength (lower morph level), but only if they carried at least one copy of the 5-HTTLPR S or L G allele (Antypa, Cerit, Kruijt, Verhoeven, & Van der Does, 2011). These differences were limited to participants' sensitivity in detecting angry facial expressions (level of signal strength/morph required for correct identification); there were no differences in participants' accuracy in labelling the emotions. Paralleling the findings for attentional biases presented above, this G )E effect appeared to be experience-specific in that it was only observed for angry faces and not for happy or sad faces. In contrast, studies examining the role of 5-HTTLPR genotype in moderating the link between parental depression and individuals' ability to recognise facial displays of emotion have yielded more mixed results. For example, in one study, 5-HTTLPR genotype did not moderate the link between family history of depression and young adults' sensitivity or accuracy in recognising facial displays of emotion (Mannie, Brostow, Harmer, & Cowen, 2007) . However, in another study, adolescents exposed to maternal depression who carried two copies of the 5-HTTLPR S allele were less, rather than more, accurate in labelling emotional faces (particularly angry faces) than adolescents with only one or no copies of the S allele (Jacobs et al., 2011) . With these two studies, however, it should be noted that maternal/ parental depression was defined as a history of depression during the parents' lifetime and it is not clear whether the adolescent/young adults were actually exposed to parental depression during their lifetimes. To the extent that children develop information-processing biases through associative learning mechanisms as suggested above, one would only expect these biases to be present in individuals exposed to parental depression during their lifetimes. Future research is needed, therefore, to clarify whether the mixed results for parental depression are due to timing differences across studies or to some other factor(s).
As noted in the previous section, there is some evidence for a relation between BDNF genotype and rumination, though the results are decidedly mixed, suggesting the presence of moderating factors. Addressing this, studies have examined whether environmental influences moderate the impact of BDNF genotype on levels of rumination and findings from studies testing G )E models are much more consistent. People who ruminate tend to believe that ruminative thinking helps them understand and solve problems (Papageorgiou & Wells, 2001 , 2003 . Thus, adverse events may provide the fodder for rumination and increases in adverse events are likely to increase rumination. Consistent with a G )E model of rumination, one small study found that carriers of the 5-HTTLPR short allele reported higher levels of rumination than L allele homozygotes but only when they experienced recent life stress (Canli et al., 2006) . Similarly, individuals homozygous for the 5-HTTLPR S allele who also experienced higher levels of emotional abuse in childhood reported higher levels of rumination in adulthood than individuals carrying at least one copy of the L allele (Antypa & Van der Does, 2010) . Further expanding this research, a study that simultaneously examined BDNF, 5-HTTLPR, and life stress found significant 5-HTTLPR )life stress and BDNF ) life stress interactions. Individuals carrying two copies of the 5-HTTLPR S allele or two copies of the BDNF Met allele ruminate more under conditions of life stress, compared to the other genotypes (Clasen, Wells, Knopik, McGeary, & Beevers, 2011) . Moreover, the accumulation of risk alleles (i.e., aggregate number of 5-HTTLPR S and BDNF Met alleles) across genes was associated with significantly greater rumination in the context of life stress. These results suggest that both 5-HTTLPR and BDNF Val66Met moderate the relation between life stress and rumination.
Thus far, we have focused on the role of distal or proximal negative events in moderating the magnitude of genetic influences on information-processing biases. However, an important component of cognitive models of depression (e.g., Clark et al., 1999) is that information-processing biases are hypothesised to remain latent until primed by negative life events or negative mood. Given this, a complementary line of work is now examining whether experimentally manipulating mood state can amplify the genetic association with cognitive biases for emotional information. Depression often follows the onset of life stress (Kessler, 1997) , so how an individual processes emotional information in the context of a negative mood may be particularly important for revealing a cognitive vulnerability to depression (Scher, Ingram, & Segal, 2005) . Consistent with this approach, the interaction between 5-HTTLPR and BDNF Val66Met polymorphisms significantly predicted change in dysfunctional thinking from before to after a sad mood induction . Specifically, carriers of two copies of the lower expressing 5-HTTLPR alleles (S or L G ) who were also homozygous for the BDNF Val allele endorsed higher levels of dysfunctional attitudes after a dysphoric mood induction. In contrast, the presence of a Met allele was associated with attenuated dysfunctional thinking among S/L G 5-HTTLPR homozygotes. Further, across two studies, the dopamine D4 receptor (DRD4) genotype has been linked to attentional biases after a dysphoric mood induction . Specifically, Study 1 demonstrated that long (i.e., seven or greater tandem repeats) DRD4 allelecarriers versus short DRD4 homozygotes had increased attention for sad facial stimuli, but only after a sad mood induction. Study 2 demonstrated an association between the DRD4 long allele and attention for negative stimuli (sad and fear expressions) following a sad mood provocation. Finally, 5-HTTLPR S allele carriers experience greater difficulty disengaging attention from negative stimuli after a dysphoric mood induction compared to L allele homozygotes (Beevers, Wells, Ellis, & McGeary, 2011) . These studies are the first to demonstrate that genetic variation may influence information processing in the context of a dysphoric mood state, a theoretically important facet of depression vulnerability.
Summary of studies examining informationprocessing biases as an intermediate phenotype
In summary, studies have provided initial support for the role of information-processing biases as an intermediate phenotype for specific genetic influences, particularly the link between 5-HTTLPR genotype and attentional biases (see PermaginHight, Bakermans-Kranenburg, van IJzendoorn, & Bar-Haim, 2012 , for a recent meta-analytic review). Evidence from association studies suggests that the presence of one or two lower expressing 5-HTTLPR alleles (S or L G ) contributes to preferential attention for emotional stimuli broadly, particularly difficulty disengaging attention. There is also support for G )E models of risk for attentional biases. Specifically, individuals carrying one or two lower expressing 5-HTTLPR alleles appear to be particularly sensitive to environmental influences on attentional biases. Importantly, within this research, there is evidence for specificity between the type of environmental influence experienced and the form of attentional bias exhibited (experiencespecific information-processing biases). Thus, exposure to maternal depression is associated with attentional biases specifically for sad faces while exposure to childhood abuse or maternal criticism is associated with attentional biases specifically for angry faces, and each of these links is stronger among individuals carrying one or two copies of the 5-HTTLPR S or L G allele than among those homozygous for the L A allele. Finally, there is evidence that variation in specific genes (e.g., 5-HTTLPR, BDNF, and DRD4) may moderate the extent to which information-processing biases are activated or primed when individuals experience mild dysphoric moods. These studies provide important clues not only regarding how genetic and environmental influences may combine to influence the development of informationprocessing biases, but also how these biases may get activated in the context of negative moods.
SUPPORT FOR THE GENE COGNITION ENVIRONMENT MODELS OF RISK
As noted above, a second way in which cognitive and genetic models of depression may be integrated is in a gene )cognition )environment (G )C)E) model of risk. That is, informationprocessing biases and genetic influence may combine to increase risk for depression following environmental stress. Providing early support for this type of integration, findings from a twin study suggest that the link between cognitive risk (negative attributional styles) and depression may be moderated by both genetic and environmental factors (Eley et al., 2008; Lau et al., 2006) . More recently, we have examined specific combinations of genetic, cognitive, and environmental influences hypothesised to increase risk for depression in children. In the first, we focused on cognitive and genetic influences hypothesised to moderate the link between mother and child depressive symptoms over time . In this study, mothers' fluctuations in depressive symptoms during the multi-wave follow-up was treated as a stressor in children's lives, based on previous research supporting this type of cognitive vulnerabilityÁstress model of risk in children (Abela, Skitch, Adams, & Hankin, 2006 ; see also Hammen, 2002) . Building from Beck's (1987; Clark et al., 1999) vulnerabilityÁ event congruency hypothesis*that depression is most likely when there is a match between the type of cognitive vulnerability exhibited and the type of stress experienced*we hypothesised that a mother's increases in depressive symptoms would be a particularly salient stressor for children exhibiting attentional biases for sad faces. In terms of genetic influence, we focused on children's 5-HTTLPR genotype. Supporting the proposed G)C)E, we found that the strongest link between mother and child depressive symptoms over time was observed among children exhibiting attentional biases for sad faces who also carried at least one copy of the 5-HTTLPR S or L G allele. Supporting the vulnerabilityÁevent congruency hypothesis, we found no support for the G)C)E model of risk when focusing on children's attentional biases for angry or happy faces, suggesting that the effects were specific to children exhibiting attentional biases for sad faces who were then exposed to higher levels of depression in their mothers.
Seeking to extend these initial findings, we tested a new G )C )E model of risk, focusing on a different combination of cognitive and environmental influences (Gibb, Uhrlass et al., 2009) . Specifically, in this second study, we focused on children's reactions to maternal criticism (expressed emotion-criticism), which has been linked to children's depression risk in previous research (e.g., Asarnow, Goldstein, Tompson, & Guthrie, 1993; Asarnow, Tompson, Woo, & Cantwell, 2001; Silk et al., 2009 ). In terms of cognitive vulnerability, we focused on the hopelessness theory of depression (Abramson et al., 1989) . Cognitive vulnerability in the hopelessness theory is defined as the tendency to attribute the occurrence of negative events to stable, global causes and to infer negative consequences and negative self-characteristics from these events. Although these three inferential styles appear to load onto a single higher-order factor in adults, they are relatively distinct in children (see Abela & Hankin, 2008; Haeffel et al., 2008) . Building again from Beck's vulnerabilityÁevent congruency hypothesis, we predicted that children's depressive reactions to maternal criticism would be more strongly predicted by children's inferences regarding selfcharacteristics than inferences for causes or consequences because criticism directly targets one's view of oneself. Consistent with our G)C)E model of risk, we predicted that these depressive reactions would be particularly strong among children carrying one or two copies of the lower expressing 5-HTTLPR alleles (S or L G ). This is exactly what we found. Specifically, we found no evidence for a G)E interaction among children exhibiting relatively positive inferential styles for their self-characteristics. However, among children with relatively negative inferential styles for their self-characteristics, we found a strong relation between levels of maternal criticism and children's depressive symptoms, a relation that increased in a stepwise fashion based on the number of lower expressing 5-HTTLPR alleles the child carried. We also found support for vulnerabilityÁevent congruency hypothesis in that the cognitive vulnerabilityÁ stress interaction was significant among carriers of the 5-HTTLPR S or L G allele only when there was a match between the type of cognitive vulnerability (inferential style for selfcharacteristics) and the type of environmental stressor (maternal criticism); there was no support for the G)C)E model of risk for other forms of cognitive vulnerability (inferential for causes or consequences) or stress (fluctuations in maternal depressive symptoms).
Most recently, Osinsky, Lösch, Hennig, Alexander, and MacLeod (2012) reported that young adults' 5-HTTLPR genotype and attentional biases interact to predict emotional reactivity across students' first semester at university. In this study, participants' genotype, attentional biases and symptoms of depression and anxiety were assessed during their first week at the university and their symptoms were reassessed 12 weeks later, at the end of the semester. Although levels of environmental stress was not directly assessed in this study, all participants were exposed to the common stress of transitioning to college. Consistent with G )C)E model of risk, therefore, the impact of attentional bias (amount of bias toward negative words in a dot-probe task) on prospective changes in depressive symptoms across the semester was significant among students homozygous for the 5-HTTLPR S allele, but not among carriers of the L allele. In contrast, changes in anxiety were predicted by the main effect of attentional bias, with no evidence of moderation by 5-HTTLPR genotype.
Summary of studies testing gene cognition environment models of risk
These results provide encouraging initial support for G)C)E models of depression risk. Specifically, three studies across two separate laboratories have found support for distinct G)C)E models focused on different cognitive vulnerabilities and environmental influences in children and young adults carrying the lower expressing 5-HTTLPR alleles. Clearly this line of research is still in its infancy, but the results of these two studies are consistent with the hypothesis that 5-HTTLPR genotype modulates reactivity to salient environmental stressors generally, whereas specific types of informationprocessing biases affect the likelihood that a specific type of environmental stressor will result in depression.
CONCLUSIONS AND FUTURE DIRECTIONS
In summary, there is now growing support for two specific ways of integrating cognitive and genetic models of depression risk. First, there is support for genetic influences on information-processing biases, particularly the link between 5-HTTLPR and attentional biases, from both genetic association and G )E studies. There is also initial support for G)C)E models of risk in which specific genetic influences contribute to increased reactivity to environmental influences (cf. Belsky et al., 2009; Ellis, Boyce, Belsky, BakermansKranenburg, & van IJzendoorn, 2011) , which then act in concert with specific combinations of cognitive and environmental risk factors to increase risk for depression. We believe that these two ways of integrating cognitive and genetic models of depression offer complementary rather than alternative approaches. That is, informationprocessing biases are thought to develop during childhood and then stabilise into relatively traitlike vulnerability factors during adolescence. The current review suggests that the development of these biases may be influenced by the combination of genetic and environmental influences. Once developed, however, the risk conferred by these biases may be triggered not only by environmental stressors as currently conceptualised within cognitive models, but also by one's underlying genetically influenced level of stress reactivity.
COGNITIVE AND GENETIC MODELS
COGNITION AND EMOTION, 2013, 27 (2) Despite the promise of existing studies, this line of research is still in its infancy and there are a number of important areas for future research. First, sample sizes for studies in this area have been relatively small (with studies typically including Â30Á150 participants). This said, results have been fairly consistent across samples and laboratories, particularly for those investigating 5-HTTLPR, suggesting that the findings are not due simply to Type I errors or publication bias (cf. Permagin-Hight et al., 2012) . However, research with larger samples is needed to provide more reliable estimates of genetic and environmental influences on information-processing biases and depression risk. This will be particularly important as research moves from a focus on single candidate polymorphisms to a broader examination of genetic influences. The investigation of genetic influences on cognitive processes related to depression holds great promise but has substantial challenges. Among these challenges are the complications inherent to all phenotypes with complex genetic underpinnings: namely that the multitude of genetic variants spanning multiple genes that contribute (singly and interactively) to these phenotypes is difficult to model without extremely large samples. Couple this requirement for large samples with the increased cost of assessing putative intermediate phenotypes compared with clinical diagnosis and the cost of such an approach can quickly become prohibitive. Substantial work is also required to better define the genetic architecture of cognitive phenotypes as they relate to the clinical disorder and also one another. Twin studies and other quantitative genetic approaches will be required to disentangle these questions, to determine whether they meet the requirements of an endophenotype (Gottesman & Gould, 2003) , and to assess how genetic influences may vary developmentally. Moreover, it has long been known in animal genetics that manipulation of a single gene can have vastly different effects phenotypically depending upon the genetic background. Therefore it should come as no surprise that examination of a single genetic variant in outbred human samples would yield inconsistent results across studies.
New developments in statistical genetics that approach this problem using cumulative genetic scores, pathway-based, and systems-based analyses to account for the complex genetic influences may assist in advancing the field. It is notable that even facing the challenges described above, a remarkably consistent literature is emerging (as described in this review). Given the difficulty in obtaining a consistent signal across mixed genetic backgrounds, this may suggest a relatively robust effect for the variants supported by these findings.
A second avenue for future research relates to the fact that, although most existing research has conceptualised the presence of specific genotypes within candidate polymorphisms as reflecting ''risk'', there is increasing evidence that these genotypes may more accurately be conceptualised as conferring increased ''plasticity'' or ''reactivity'' to environmental influences (cf. Belsky et al., 2009; Ellis et al., 2011) . According to these models of differential susceptibility, the same factors that increase risk for maladaptive outcomes in the context of negative environmental influences may also increase the chances of positive outcomes in the context of positive environmental influences. There is preliminary support for this differential susceptibility model from a number of studies examining various outcomes (see B. J. Ellis et al., 2011 , for a review). Of particular relevance to the current review, there is evidence that 5-HTTLPR genotype moderates the impact of a computer-based intervention designed to reduce attentional biases (Fox, Zoughou, Ridgewell, & Garner, 2011) as well as cognitive-behavioural treatment for anxious youth (Eley et al., 2011) . In both cases, individuals with the lower expressing 5-HTTLPR genotypes (S or L G ) exhibited the greatest benefit from these interventions. Additional research is needed to more fully understand the mechanisms by which 5-HTTLPR and other polymorphisms may be associated with both better and worse outcomes depending on the type of environmental influence experienced.
A third area for future research is that in depression, as in other psychiatric disorders, there is a so called ''missing heritability'' problem such that the individual polymorphisms account for a low proportion of the phenotypic variance. For example, a meta-analysis of genetic association studies in depression suggested that single candidate polymorphisms only account for 0.001Á 0.03% of the variance in depression risk (López-León et al., 2008) . Although these links were significant, they do not come close to explaining the nearly 40% of depression risk estimated to be due to genetic factors (Sullivan et al., 2000) . As noted in our introduction, this has prompted the search for intermediate phenotypes or endophenotypes (Gottesman & Gould, 2003) because the effects of specific genetic influences should be stronger for characteristics or traits more proximally influenced by the action of specific genes. However, studies examining genetic main effects or G)E models or risk for informationprocessing biases typically only explain 5Á10% of the variance in these biases. Similarly, the G)C)E findings reviewed above accounted for approximately 10% of variance in depression risk Gibb, Uhrlass et al., 2009) . Therefore, although these approaches help to explain a greater proportion of the variance than typical candidate gene association studies of depression risk and are quite large by typical behavioural genetics standards, there is clear room for further improvement.
There are several potential explanations for this disconnect between heritability estimates and the variance explained by candidate genes. First, there are a number of sources of variation (e.g., copy number variants, rare variants, fragment length polymorphisms, and chromosomal translocations) that are not typically assessed (even in GWA studies) and may help to explain some of the missing variance. The rapidly declining cost of next generation sequencing (NGS) may provide an empirical test to this hypothesis, though it will likely still require supplementation with traditional sequencing techniques for regions that are not amenable to NGS due to read length limitations(e.g., the exon 3 VNTR of the DRD4 gene). New statistical approaches will also be required to jointly model all such variation. For example, the low allele frequency of rare variants revealed by NGS make traditionally powered comparisons impossible and require relatively unsophisticated rare variant count methods for analyses.
Second, researchers increasingly recognise that genetic influences are probably best conceptualised as a cumulative level of risk contributed by variation across a number of genes. One way this has been addressed is to test for epistatic influences (G )G interactions predicting an outcome of interest). A limitation of this approach, however, is that G)G interactions are not readily modelled using measured genes because the low minor allele frequencies of studied variants significantly reduces power for finding these effects. Another strategy is to use an aggregate genetic risk approach, according to which even if single common variants have very small effects individually, they may collectively account for a more substantial amount of the variation in risk. By accounting for multiple variants in a single score, the variability in ''background'' genetic risk factor ''noise'' can be diminished to allow a clearer signal (i.e., associations of a single candidate polymorphism may be obscured when there are multiple other variants contributing to a phenotype, but modelling them concurrently should allow a stronger and more reliable estimate of genetic influence). From a pure psychometric/ scale construction perspective, the more indicators of (genetic influences on) a given construct (e.g., heightened stress reactivity) you have, the greater your signal to noise ratio will be.
Although not yet applied to the study of informationprocessing biases, there is growing support for this type of approach in other areas of psychology, including imaging genetics (e.g., Belsky & Beaver, 2011; Derringer et al., 2010; International Schizophrenia Consortium, 2009; Nikolova, Ferrell, Manuck, & Hariri, 2011) .
We believe that this approach holds significant promise for better understanding genetic influences on depression risk. To effectively do this, however, we will need to broaden our focus on candidate genes and polymorphisms beyond ''the usual suspects'' by referring again to the emerging literature in imaging genetics as well as research examining pharmacological influences on information-processing biases. First, research in imaging genetics can help to identify promising candidate genes based on their influence on neural reactivity in regions underlying information-processing biases as well as reactivity to environmental stress. For example, neuropeptide Y (NPY) is a neuropeptide transmitter found in particularly high concentrations in the amygdala, nucleus accumbens and basal ganglia (Adrian et al., 1983 ). NPY appears to have effects on numerous phenotypes including feeding behaviours, anxiety, depression, alcohol consumption and circadian rhythms (Brother & Wahlestedt, 2010) . Of particular importance in the current context, variation in the NPY gene is associated with amygdala reactivity as well as reactivity to stress (Mickey et al., 2011; Witt et al., 2011; Zhou et al., 2008) suggesting its potential relevance for studies examining genetic main effects as well as G)E and G)C )E models of risk. Another potentially promising candidate gene is HOMER1, which influences glutamate transmission and has been associated with activity in prefrontal cortex during cognitive tasks (Rietschel et al., 2010) . There is also growing interest in the oxytocin receptor gene (OXTR) given the role of oxytocin in social cognition and behaviour (see Meyer-Lindenberg, Domes, Kirsch, & Heinrichs, 2011, for a review). Variation in OXTR is associated with amygdala volume and reactivity, and affects stress reactivity (Furman, Chen, & Gotlib, 2011; Rodrigues, Saslow, Garcia, John, & Keltner, 2009; Tost et al., 2010) . Further, intranasal oxytocin administration improves recognition of, and memory for, facial expressions of emotion (Guastella, Mitchell, & Mathews, 2008; Marsh, Yu, Pine, & Blair, 2010) . When seeking to examine reactivity to environmental stressors (within a G)E or G)C)E model of risk), researchers should also focus on polymorphisms in genes known to affect HPA axis reactivity such as FKBP5 and the glucocorticoid (GR) and mineralocorticoid (MR) receptor genes (see DeRijk, 2009; Velders et al., 2011) . Finally, with regard to identifying candidate genes based on their impact on neural reactivity in brain regions thought to underlie information processing biases, we should highlight the Allen's Brain atlas (www.brain-map.org), which allows one to identify likely candidate genes by their level of expression within specific neuroanatomical locations. Second, drawing from pharmacological studies, there are a number of agents with differential pharmacology that also appear to have effects on biased attention including: (i) mirtazapine with effects on multiple serotonergic and adrenergic receptors as well as SLC6A2; (ii) aprepitant with Neurokinin 1 (NK1) receptor effects implicates the importance of the tachykinin receptor 1 (TACR1) gene; (iii) rimonabant, the CB1 anatagonist, suggests that the cannabinoid receptor type 1 (CNR1) gene may be a worthwhile genetic candidate; (iv) agomelatine is known to affects attention bias and highlights the potential roles of the melatonin receptor 1A (MTNR1A), metallothionein 3 (MT3) and serotonin receptor 2C (5HTR2C) genes; and (v) erythropoietin's impact on both attention bias and neurotrophic effects may highlight new genes. To truly capture the varied genetic influences that likely underlie information-processing biases, researchers will need to draw from both domains of research* imaging genetics and pharmacology studies.
Finally, with regard to addressing the missing heritability problem, research is needed to examine epigenetic influences. Theorists and researchers recognise the important distinction between one's genotype and potential modification of one's DNA (epigenetics) that may impact the expression of genes. Since epigenetic modification, such as DNA methylation, can impact gene expression, this modification can trump the importance of genetic variation on a phenotype insofar as any variation in the genetic sequence becomes irrelevant if the gene is not transcribed. Indeed recent findings related to DNA methylation of the serotonin transporter gene, SLC6A4, suggest the need to characterise both genetic and epigenetic differences to understand how this gene impacts reactivity to environmental stress (e.g., Beach, Brody, Todorov, Gunter, & Philibert, 2011; Koenen et al., 2011; van IJzendoorn, Caspers, Bakermans-Kranenburg, Beach, & Philibert, 2010) . Importantly, epigenetic modifications are not limited to DNA methylation. Indeed, recent evidence of histone modification related to exon 6 of the BDNF gene as it relates to depression through both stress reactivity and antidepressant response (see Calabrese et al., 2009 , for a review) highlights the importance of considering the multiple genetic and epigenetic influences on gene expression. Failure to consider these manifold influences conjointly may result in a highly inconsistent literature. The inability to access the tissue of interest (e.g., brain) in humans for studies of epigenetic and gene expression will continue to be a hindrance to the field until such a time that evidence supports the use of peripheral markers (e.g., from blood or saliva samples) or new techniques are developed to assess gene expression through neuroimaging (Massoud, Singh, & Gambhir, 2008) .
In summary, although research into the integration of cognitive and genetic models of depression risk is still in its infancy, there is a growing amount of research supporting two specific ways in which these models can be meaningfully integrated*information-processing biases as an intermediate phenotype and gene ) cognition )environment models of risk. This is an exciting time for researchers seeking to understand how multiple levels of influence may combine to increase risk for depression. Future research is needed not only to replicate existing findings, but also to seek to more fully account for genetic influences on depression risk. 
